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,]X]HWQR�YHOLNH�SURPHQH�VX�VH�GHVLOH�X�]HPOML^WX��'XJRWUDMQH�DJURWH�

KQLaNH�PHUH�L�RGQR^HQMH�QDMYH`HJ�GHOD�ELOMQH�ELRPDVH�L]�VWDQL^WD�UH]XOWLUDOL

VX�SRJRU^DQMHP�VWUXNWXUH�]HPOML^WD��^WR�MH�RJUDQLaLOR�UDVW�NRUHQD�L�NROLaLQX

YRGH�X�]HPOML^WX��L�GDOMH�GRYHOR�GR�SRYH`DQMD�UL]LND�RG�HUR]LMH�L�VPDQMHQMD

ELROR^NH�DNWLYQRVWL�X�]HPOML^WX��6WDQQHUV�	�%RXUGHDX��������.RQVWDQWQR

VPDQMHQMH�NROLaLQH�RUJDQVNLK�L�KUDQOMLYLK�PDWHULMD�X�]HPOML^WX��NDR�L�SUH�

YHOLND�XSRWUHED�WRNVLaQLK�SHVWLFLGD�MHGDQ�VX�RG�QDMYDCQLMLK�HNROR^NLK

SUREOHPD��1HSUDYLOQR�WUHWLUDQMH�]HPOML^WD��NRMH�GRYRGL�GR�QMHJRYRJ�RVLUR�

PD^HQMD��SRJD_D�����PLOLRQD�KHNWDUD�]HPOML^WD�X�(YURSL��RS��FLW���
=DMHGQR�VD�JDMHQLP�ELOMNDPD��X�DJURHNRVLVWHPLPD�VH�QDOD]L�L�PQR^WYR

GUXJLK��DORKWRQLK�L�DXWRKWRQLK�ELOMDND��2YH�ELOMNH�VX�QD]YDQH�NRURYLPD�L

SROMRSULYUHGQLFL�L�DJURQRPL�LK�RNULYOMXMX�]D�VPDQMHQMH�SULQRVD�JDMHQLK�EL�

OMDND��2QL�VPDQMXMX�NROLaLQX�YRGH�L�KUDQOMLYLK�PDWHULMD�X�]HPOML^WX��RWHCD�

YDMX�QMHJRYX�REUDGX��D�PRJX�ELWL�L�CDUL^WD�ELOMQLK�EROHVWL��.RML`�	�>LQCDU

�������3ROMRSULYUHGQLFL�VH�ERUH�SURWLY�QMLK�XSRWUHERP�PHKDQLaNRJ�XQL^WD�

YDQMD�LOL�KHPLNDOLMDPD�NRMH�LP�RQHPRJX`DYDMX�UDVW��6HP�GREULK�HIHNDWD�QD

SULQRV�L�SURGXNFLMX�JDMHQLK�ELOMDND��RYH�PHWRGH�LPDMX�L�QHCHOMHQH�HIHNWH�

3ULPHQD�KHUELFLGD�MH�L]D]YDOD�SURPHQH�X�VDVWDYX�NRURYVNLK�]DMHGQLFD�

$MGHU��������MH�NRQVWDWRYDOD�GD�MH�EURM�YUVWD�X�DVRFLMDFLML�3DQLFR�*DOLQVR�

JHWXP�GXJRJRGL^QMRP�SULPHQRP�KHUELFLGD�VSDR�VD�����X�QHUHGXNRYDQRM

]DMHGQLFL�QD����NRURYVNH�YUVWH�X�UHGXNRYDQRM��6HP�WRJD��SULPHQRP�KHU�

ELFLGD�GROD]L�GR�SRMDYH�UH]LVWHQFLMH�QHNLK�YUVWD�L�ILWRWRNVLaQRJ�HIHNWD�QD

JDMHQH�ELOMNH�L�PLNURIORUX�]HPOML^WD��.RML`�	�>LQCDU�������6WHIDQRYL`

������-DQML`�HW�DO��������*RYHGDULFD�HW�DO���������+HUELFLGL�L]D]LYDMX

SURPHQH�X�PQRJLP�ELROR^NLP�SURFHVLPD�X�]HPOML^WX��VPDQMHQMH�XNXSQRJ

EURMD�EDNWHULMD��EURMQRVWL�DPRQLILNDWRUD��D]RWREDNWHUD�L�GHKLGURJHQD]QH�DN�

WLYQRVWL��DOL�L�SRYH`DQMH�EURMQRVWL�JOMLYD��RS��FLW����.RURYL�VX�VH�VWRJD�SRND�

]DOL�NDR�QHSRCHOMQL�QHSULMDWHOML�DJULNXOWXUQH�SURL]YRGQMH��D�ERUERP�SURWLY

QMLK�VLWXDFLMD�QD�SROMLPD�SRVWDMH�MR^�JRUD�
$NR�SRJOHGDPR�RYH�ELOMNH�L]�GUXJRJ�XJOD��YLGH`HPR�LK�X�L]PHQMHQRP

VYHWOX��8]LPDMX`L�X�RE]LU�NDUDNWHULVWLNH�NRMH�YH`LQD�QMLK�SRVHGXMH�¬�YHOLNX

VSRVREQRVW�SULODJR_DYDQMD��̂ LURNX�HNROR^NX�YDOHQFX��YHOLNX�SURL]YRGQMX�VH�

PHQD��NUDWDN�CLYRWQL�FLNOXV��.RML`�	�>LQCDU�������¬�PRCHPR�UH`L�GD�NR�

URYL�LPDMX�YHOLNL�SRWHQFLMDO�]D�VDPRRGUCDYDQMH��.DGD�VH�L]�DJURHNRVLVWHPD

L]QHVH�JDMHQD�ELOMND��NRURYL�RVWDMX�MHGLQL�PDWHULMDO�ELOMQRJ�SRUHNOD�NRML�`H

VH�XJUDGLWL�X�RUJDQVNX�NRPSRQHQWX�]HPOML^WD��2YR�]QDaL�GD�VH�NUXCHQMH

KUDQOMLYLK�PDWHULMD�X�DJURHNRVLVWHPX�PRCH�QD�QHNL�QDaLQ�L]YHVWL�L�EH]�ELR�

PDVH�XVHYD�
5D]OLaLWD�QHRUJDQVND�_XEULYD�VX�NUDWNRWUDMQD�UH^HQMD�]D�QDVWDYDN�LOL

SREROM^DQMH�SURL]YRGQMH��DOL�RQD�PRJX�L]D]YDWL�SURPHQH�X�VWUXNWXUL�]HP�

OML^WD��1MLKRYR�SUHNRPHUQR�NRUL^`HQMH�PRCH�GRYHVWL�GR�]DJD_HQMD�L�HXWURIL�

NDFLMH�SRG]HPQLK�YRGD��'DQDV�VH�SRX]GDQR�]QD�GD�QHRUJDQVND�_XEULYD
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QLVX�HNRQRPLaQD��MHU�^WR�]HPOML^WH�SRVWDMH�VLURPD^QLMH��SRWUHEQR�MH�XSRWUH�

ELWL�YH`X�NROLaLQX�_XEULYD��2VLP�WRJD��IDEULNH�NRMH�SURLR]YRGH�NRPSRQHQWH

]D�QHRUJDQVND�_XEULYD�VX�YHOLNL�L�RSDVQL�L]YRUL�]DJD_HQMD��8�HNVWUHPQLP

VOXaDMHYLPD�RQH�PRJX�L]D]YDWL�HNROR^NH�NDWDVWURIH��,]�RYLK�UD]ORJD�OMXGL

VX�SRaHOL�GD�UD]PL^OMDMX�R�DOWHUQDWLYQLP�®DJURWHKQLaNLP¯�PHUDPD�¬�XSR�

WUHEL�RUJDQVNLK�_XEULYD��RVWDYOMDQMX�SROMD�QHREUD_HQLP�
.RURYL�PRJX�ELWL�SULURGQD�®_XEULYD¯�¬�MHGQRVWDYQLP�RVWDYOMDQMHP

RGUH_HQH�NROLaLQH�NRURYD�QD�SROMX�PRCHPR�REH]EHGLWL�NUXCHQMH�PDWHULMD�X

DJURHNRVLVWHPX��NDR�L�SREROM^DQMH�VWUXNWXUH�]HPOML^WD��
&LOMHYL�RYRJ�LVUDCLYDQMD�VX�XWYU_LYDQMH�GLIHUHQFLUDQRVWL�NRURYVNLK�]D�

MHGQLFD�X�LVWUDCLYDQLP�RNRSDYLQDPD�X�RGQRVX�QD�IDNWRUH�CLYRWQH�VUHGLQH

�VYHWORVWL��YODCQRVWL�]HPOML^WD��NLVHORVWL�]HPOML^WD��NROLaLQH�D]RWD�X�]HPOML�

^WX��WHPSHUDWXUH��L�RGUH_LYDQMH�VWUXNWXUH�]DMHGQLFD�X]�SRPR`�VSHNWDUD�CL�

YRWQLK�IRUPL�L�DUHDO�WLSRYD��

2SLV�LVWUDCLYDQRJ�SRGUXaMD

8�WRNX�UDGD�LVWUDCLYDQR�MH�SRGUXaMH�L]PH_X�VHOD�3HWQLFD�L�L]YRUD�UHNH

*UDGDF��VOLND�����3RGUXaMH�VH�VH�QDOD]L�MXJRLVWRaQR�RG�9DOMHYD��X�EUGRYL�

WRP�GHOX�3DQRQVNRJ�RERGD��1DGPRUVND�YLVLQD�WHUHQD�YDULUD�L]PH_X�����L

����P�Q�Y��*HROR^ND�SRGORJD�MH�NUHaQMDN��D�RG�WLSRYD�]HPOML^WD�]DVWXSOMHQL

VX�DOXYLMXP��SVHXGRJOHM�L�VPRQLFD��6DERYOMHYL`��������3UHPD�SRGDFLPD
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+LGURPHWHRUROR^NH�VWDQLFH�9DOMHYR��LVSLWLYDQR�SRGUXaMH�JRGL^QMH�SULPD�X

SURVHNX�����PP�SDGDYLQD��VD�PDNVLPXPRP�X�MXQX�L�PLQLPXPRP�X�MD�

QXDUX��6UHGQMH�JRGL^QMH�WHPSHUDWXUH�YD]GXKD�NUH`X�VH�RNR����&��1DMQLCD

SURVHaQD�PHVHaQD�WHPSHUDWXUD�VH�MDYOMD�X�MDQXDUX��¬����&���GRN�VX�PDNVL�

PDOQH�WHPSHUDWXUH�X�MXOX�������&���,VWUDCLYDQMH�MH�YU^HQR�X�OHWQMHP�SHUL�

RGX��NDGD�VX�JDMHQH�ELOMNH�ELOH�SRWSXQR�GRPLQDQWQH�X�RGQRVX�QD�NRURYVNX
YHJHWDFLMX�

3ULURGQX�YHJHWDFLMX�RYRJ�UHJLRQD�SUHGVWDYOMDMX�^XPH�KUDVWD�L�JUDED�

1MLKRYLP�NUaHQMHP�VWYRUHQL�VX�DJURHNRVLVWHPL�L�SULURGQD�YHJHWDFLMD�OLYDGD�

1D�PDSL�WHUHQD��VOLND����R]QDaHQL�VX�LVWUDCLYDQL�DJURHNRVLVWHPL��9H`LQD

VDVWRMLQD��������VX�ELOH�QMLYH�NXNXUX]D��RVLP�VDVWRMLQD������L�����NRMH�VX

ELOH�SRYUWQMDFL�NURPSLUD�L�SDUDGDM]D��1MLYH�NXNXUX]D�VX�XJODYQRP�ELOH�JXV�

WRJ�YHJHWDFLMVNRJ�VNORSD��6DVWRMLQD���VH�RGOLNXMH�QHSRVUHGQLP�SULVXVWYRP

^XPH�L�OLYDGD��VDVWRMLQH���L���EOL]LQRP�3HWQLaNRJ�MH]HUD�L�SRYH`DQRP

YODCQR^`X�VWDQL^WD��D�VDVWRMLQH����L����VH�QDOD]H�X]�RERG�^XPVNRJ�HNR�

VLVWHPD�

0DWHULMDO�L�PHWRGH

3ULOLNRP�VDNXSOMDQMD�L�KHUEDUL]RYDQMD�NRURYVNLK�ELOMDND�NRUL^`HQ�MH

VWDQGDUGQL�IORULVWLaNL�PHWRG�SULNXSOMDQMD�L�SUHSDULUDQMD��+HUEDULMXP�VH�QDOD�

]L�X�,VWUDCLYDaNRM�VWDQLFL�3HWQLFD��'HWHUPLQDFLMD�X]RUDND�YU^HQD�MH�SRPR`X
NOMXaHYD��-RVLIRYL`������������-iYRUND¬&VDSRG\�������.RML`�������0L^L`

	�/DNX^L`�������>DUL`�������>LOL`��������1RPHQNODWXUD�MH�GDWD�SR�-RVL�

IRYL`X��%URMQRVW�YUVWD�X�DQDOL]LUDQLP�VDWRMLQDPD�RGUH_HQD�MH�SUHPD�%UDXQ�

%ODQTXHW�RYRM�NRPELQRYDQRM�VNDOL�EURMQRVWL�L�SRNURYQRVWL���������3R^WR

RYD�PHWRGD�VDGUCL�SRUHG�QXPHULaNLK�L�GHVNULSWLYQH�RFHQH��PRGLILNRYDOL

VPR�LK�SR�:HVWKRII�X�	�YDQ�GHU�0DDUHO�X���������6NDOD�EURMQRVWL�L�SRN�

URYQRVWL�ELOMDND�SR�:HVWKRIIX�	�YDQ�GHU�0DDUHO�X�MH�X�SRWSXQRVWL�QX�

PHULaND��^WR�RPRJX`DYD�PDWHPDWLaNX�DQDOL]X�SRGDWDND�
)ORULVWLaND�VWUXNWXLUDQRVW�ILWRFHQR]D�VH�X�YH`LQL�VOXaDMHYD�QH�PRCH

ODNR�VDJOHGDWL�L]�ILWRFHQROR^NH�WDEHOH��WH�VPR�]D�RYX�DQDOL]X�SULPHQLOL�RU�

GLQDFLRQH�PHWRGH��3ULPHQRP�RUGLQDFLRQLK�PHWRGD�GRELMD�VH�JUDILaNL�HNYL�

YDOHQW�ILWRFHQROR^NH�WDEHOH��X�NRMHP�VX�ILWRFHQR]H�SUHGVWDYOMHQH�WDaNDPD�

8GDOMHQRVW�SRMHGLQLK�WDaDND�X�RUGLQDFLRQRP�GLMDJUDPX�SURSRUFLRQDOQD�MH
IORULVWLaNRM�VOLaQRVWL�ILWRFHQR]D�¬�^WR�VX�WDaNH�EOLCH��ILWRFHQR]H�VX�VOLaQLMH�

8�RYRP�UDGX�NRUL^`HQD�MH�+LOO�RYD��������NRUHVSRQGHQWQD�DQDOL]D��NRMD�MH

QDMSULPHUHQLMD�HNROR^NLP�VWXGLMDPD�
2UGLQDFLRQLP�PHWRGDPD�VWDYOMHQL�VX�X�NRUHODFLMX�IORULVWLaND�JUD_D�VD�

VWRMLQH�L�XVORYL�VSROMD^QMH�VUHGLQH��NRML�VX�L]UDCHQL�SURVHaQRP�YUHGQR^`X

HNROR^NLK�LQGHNVD�]D�GDWL�HNROR^NL�IDNWRU��(NROR^NL�LQGHNVL�VX�RGUH_HQL

SUHPD�.RML`X�L�VDU����������.RHILFLMHQWRP�NRUHODFLMH�MH�GDWD�]DYLVQRVW�IORU�
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LVWLaNH�GLIHUHQFLMDFLMH�]DMHGQLFD�X�RGQRVX�QD�RGUH_HQL�IDNWRU�VUHGLQH��#L�

YRWQH�IRUPH�RGUH_HQH�VX�SUHPD�5DXQNLDHUX���������D�IORUQL�HOHPHQWL�SUH�

PD�*DML`X��������
6YH�PXOWLYDULMDQWQH�VWDWLVWLaNH�DQDOL]H�OMXED]QR�QDP�MH�XUDGLR�GU�%UD�

QNR�.DUDGCL`��YL^L�QDXaQL�VDUDGQLN�,QVWLWXWD�]D�ELROR^ND�LVWUDCLYDQMD�®6LQL^D

6WDQNRYL`¯��

5H]XOWDWL�L�GLVNXVLMD

8�LVWUDCLYDQLP�DJURHNRVLVWHPLPD�NRQVWDWRYDQR�MH����YUVWD�NRURYVNLK

ELOMDND��RG�NRMLK�MH����GHWHUPLQLVDQR�GR�QLYRD�YUVWH��3UHJOHG�YUVWD��]DMHGQR

VD�SRGDFLPD�R�QMLKRYRM�CLYRWQRM�IRUPL��IORUQRP�HOHPHQWX�L�HNROR^NLP�LQ�

GHNVLPD��QDOD]L�VH�X�WDEHOL����,]X]HWDN�VX�ELOMNH�GHWHUPLQLVDQH�GR�QLYRD

URGD�]D�NRMH�QLVX�QDYHGHQL�RYL�SRGDFL��8�WDEHOL�VH�QDOD]H�L�ILWRFHQROR^NL

SRGDFL��.RUL^`QH�VX�R]QDNH��HNROR^NL�LQGHNVL�¬�9�]D�YODCQRVW��.�]D

NLVHORVW�]HPOML^WD��1�]D�VDGUCDM�D]RWD�X�]HPOML^WX��6�]D�VYHWORVW�L�7�]D�WHP�

SHUDWXUX��#)�¬�CLYRWQD�IRUPD��7�¬�WHURILWH��+�¬�KHPLNULSWRILWH��*�¬�JHRILWH�

7+�¬�WHURILWH�KDPHILWH�L�=&�¬�]HOMDVWH�KDPHILWH��)(�¬�IORUQL�HOHPHQW��3RN�

URYQRVW�VWDQL^WD�SURFHQWXDOQR�SUHGVWDYOMD�JXVWLQX�NRURYVNH�ILWRFHQR]H�
3URQD_HQH�ELOMNH�WDNVRQRPVNL�VSDGDMX�X����ELOMQLK�IDPLOLMD��3URFHQWX�

DOQD�]DVWXSOMHQRVW�IDPLOLMD�MH�SULND]DQD�QD�GLMDJUDPX��VOLND�����)DPLOLMD�VD

QDMYH`LP�EURMHP�NRQVWDWRYDQLK�YUVWD�MH�$VWHUDFHDH��GRN�VX�YUVWH�L]�IDPLOLMH

3RDFHDH�QDMEURMQLMH�X�DJURHNRVLVWHPLPD��1DMYH`L�EURM�YUVWD�SUHGVWDYOMD�WL�

SLaQX�JUXSX�¬�NRVPRSROLWVNH�]HOMDVWH�YUVWH�NRMH�SURL]YRGH�YHOLNX�NROLaLQX

VHPHQD��2YD�JUXSD�MH�SUHGVWDYOMHQD�QDMEURMQLMLP�YUVWDPD��3DQLFXP�FUXV�

JDOOL�/���6HWDULD�JODXFD��/���3�%���$PDUDQWKXV�UHWURIOH[XV�/���*DOLQVRJD

SDUYLIORUD�&DY���3RO\JRQXP�SHUVLFDULD�/���'LJLWDULD�VDQJXLQDOLV��/���6FRS�

8�QHNLP�DJURHNRVLVWHPLPD�SURQD_HQH�VX�QHVSHFLILaQH�NRURYVNH�YUVWH�¬

(TXLVHWXP�DUYHQVH�/���)XPDULD�RIILFLQDOLV�/���3WHULGLXP�DTXLOLQXP��/��
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WKXV�UHWURIOH[XV��8�RYRM�VDVWRMLQL�YHOLNR�MH�SULVXVWYR�^XPVNLK�L�OLYDGVNLK
ELOMDND��NDR�^WR�VX�)UDJDULD�YHVFD��7ULIROLXP�SUDWHQVH��/RWXV�FRUQLFXODWXV�
6SHFLILaDQ�IORULVWLaNL�VDVWDY�X]URN�MH�RGYDMDQMD�VDVWRMLQH���QD�JUDILNX��'UX�
JX�JUXSX�NRMD�MH�YLGQR�RGYRMHQD�RG�WLSLaQH�VHJHWDOQH�ILWRFHQR]H�LVSLWLYD�
QRJ�SRGUXaMD�aLQH�VDVWRMLQH����L�����NRMH�VH�QDOD]H�X�EOL]LQL�^XPH���NDR�L
��L����NRMH�VH�QDOD]H�X�EOL]LQL�MH]HUD���2YH�VDVWRMLQH�VH�RGOLNXMX�SRYH`DQRP
YODCQR^`X��,]GYRMHQRVW�VDVWRMLQD������L����QD�JUDILNX�REMD^QMDYD�VH�SULVX�
VWYRP�L�YHOLNRP�EURMQR^`X�QHNLK�YUVWD�NRMH�X�GUXJLP�VDVWRMLQDPD�QLVX�SUR�
QD_HQH��QD�SULPHU�(TXLVHWXP�DUYHQVH��)XPDULD�RIILFLQDOLV��2GYDMDQMH
VDVWRMLQH����VH�PRCH�REMDVQLWL�SULVXVWYRP�YUVWH�3WHULGLXP�DTXLOLQXP��3UL�
VXVWYR�RYLK�YUVWD�MH�GLUHNWQD�SRVOHGLFD�GUXJDaLMLK�PLNURNOLPDWVNLK�XVORYD
VWDQL^WD�RG�RQLK�NRML�YODGDMX�X�WLSLaQLP�VHJHWDOQLP�]DMHGQLFDPD�

2UGLQDFLRQLP�PHWRGDPD�MH�VWDYOMHQD�X�RGQRV�GLIHUHQFLMDFLMD�NRURY�
VNLK�]DMHGQLFD�VD�PLNURXVORYLPD�VUHGLQH��8SRWUHERP�RYLK�PHWRGD�NDR�QDM�
XWLFDMQLML�DELRWLaNL�IDNWRU�X�GLIHUHQFLMDFLML�NRURYVNLK�ILWRFHQR]D�SRND]DOD�VH
VYHWORVW��NRHILFLMHQW�NRUHODFLMH��������8�QDMRVYHWOMHQLMLP�VDVWRMLQDPD�MH�KH�
OLRILWD�*DOLQVRJD�SDUYLIORUD�QDMEURMQLMD��1DMPDQMX�NROLaLQX�VYHWORVWL�SULPD�
MX�]DMHGQLFH���L����^WR�MH�YHURYDWQR�L�SURX]URNRYDOR�QMLKRY�VSHFLILaDQ
IORULVWLaNL�VDVWDY�

6OLND����
'LIHUHQFLUDQRVW
NRURYVNLK�]DDMHGQLFD
QD�&$�JUDILNX�

)LJXUH���
'LIIHUHQWLDWLRQ�RI
ZHHG�IORUD�RQ�
&$�GLDJUDP�
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.ROLaLQD�D]RWD�X�]HPOML^WX�VH�WDNR_H�SRND]DOD�NDR�]QDaDMQD�X�GLIHU�

HQFLMDFLML�NRURYVNLK�]DMHGQLFD��NRHILFLMHQW�NRUHODFLMH�������3R�ERJDWVWYX

]HPOML^WD�D]RWRP�MDVQR�VH�GHILFLWRP�L]GYRMLOD�VDVWRMLQD����X�NRMRM�MH�]D�

EHOHCHQR�SULVXVWYR�ROLJRWURIQH�YUVWH�3WHULGLXP�DTXLOLQXP��UDVWH�QD�VWDQL^WL�

PD�VLURPD^QLP�PLQHUDOQLP�PDWHULMDPD���7LPH�VH�REMD^QMDYD�L�L]GYRMHQRVW

RYH�VDVWRMLQH�QD�JUDILNX��9H`LQD�VDVWRMLQD�LPD�VUHGQMH�YUHGQRVWL�IDNWRUD�ER�

JDWVWYD�GRVWXSQLP�D]RWRP�L]PH_X������L������
$QDOL]RP�IDNWRUD�YODCQRVWL�L�QMHJRYRJ�XWLFDMD�QD�NRURYVNH�]DMHGQLFH

NRHILFLMHQW�NRUHODFLMH�MH�SURFHQMHQ�QD�¬������3URVHaQH�VWDQL^QH�YUHGQRVWL�ID�

NWRUD�YODCQRVWL�NUH`X�VH�X�LQWHUYDOX����¬�����^WR�]QDaL�GD�LVSLWLYDQH

SRYU^LQH�QDVHOMDYDMX�VXENVHURILWQH�L�VXEPH]RILWQH�ELOMNH��NRMH�aLQH�SUHOD�

]QX�JUXSX�L]PH_X�NVHURILWD��ELOMNH�DGDSWLUDQH�QD�XVORYH�HNVWUHPQH�VX^H��L

PH]RILWD��ELOMDND�XPHUHQR�YODCQLK�VWDQL^WD���
6UHGQMH�YUHGQRVWL�IDNWRUD�NLVHORVWL�]HPOML^WD�PDOR�YDULUDMX��WM��S+�YUH�

GQRVW�]HPOML^WD�MH�X�LVSLWLYDQLP�DJURHNRVLVWHPLPD�YUOR�XMHGQDaHQD��6DPLP

WLPH�VH�RaHNXMH�L�PDOL�XWLFDM�RYRJ�IDNWRUD��^WR�MH�SRWYU_HQR�PDOLP�NRHIL�

FLMHQWRP�NRUHODFLMH��U� ��������,�IDNWRU�WHPSHUDWXUH�MH�PDOR�XWLFDR�QD�GLI�

HUHQFLMDFLMX�NRURYVNLK�]DMHGQLFD��NRHILFLMHQW�NRUHODFLMH�U� �������
.RPSDUDWLYQLP�DQDOL]DPD�UH]XOWDWD�XWYU_HQH�VX�VOHGH`H�VOLaQRVWL�L�UD�

]OLNH�L]PH_X�SRMHGLQLK�JUXSD�NRURYVNLK�]DMHGQLFD�
���9H`LQD�VHJHWDOQLK�VDVWRMLQD�RNROLQH�3HWQLFH�RGOLNXMH�VH�SULVXVWYRP

RGUH_HQLK�YUVWD�NRURYVNLK�ELOMDND��3DQLFXP�FUXV�JDOOL�� 6HWDULD�JODXFD�

$PDUDQWKXV�UHWURIOH[XV��*DOLQVRJD�SDUYLIORUD���NDUDNWHULVWLaQLK�]D�DVRFLMD�

FLMX�3DQLFR�*DOLQVRJHWXP�7[��HW�%HFNHU��MHGLQX�NRURYVNX�]DMHGQLFX�RNRSD�

YLQD�NRMX�6WHSL`��������QDYRGL�]D�SURVWRUH�VHYHUR]DSDGQH�6UELMH��6WHSL`

�������QDYRGL�L�GYH�VXEDVRFLMDFLMH�NRMH�VH�X�QD^HP�UDGX�QLVX�MDVQR�L]GYR�

MLOH��NDNR�IORULVWLaNL��WDNR�QL�X�RGQRVX�QD�QHNL�IDNWRU�CLYRWQH�VUHGLQH�
���6DVWRMLQD���VH�RGOLNXMH�YHOLNLP�EURMHP�ELOMQLK�YUVWD��RG�NRMLK�VX

PQRJH�NDUDNWHULVWLaQH�]D�^XPVNH�L�OLYDGVNH�HNRVLVWHPH��DOL�L�RGVXVWYRP

QHNLK�NDUDNWHULVWLaQLK�VHJHWDOQLK�YUVWD��3DQLFXP�FUXV�JDOOL��$PDUDQWKXV�UH�

WURIOH[XV…���UD]OLND�RG�RVWDOLK�VDVWRMLQD�RJOHGD�VH�X�EOL]LQL�^XPH�L�QLVNRP

VDGUCDMX�PLQHUDOQLK�PDWHULMD�X�]HPOML^WX�
���1D�JUDILNX�NRUHVSRQGHQWQH�DQDOL]H��VOLND����YLGL�VH�L]GYRMHQRVW�VDV�

WRMLQD������L����RG�WLSLaQRJ�VDVWDYD�ILWRFHQR]H��2YR�VH�PRCH�REMDVQLWL

SULVXVWYRP�QHNLK�QHNDUDNWHULVWLaQLK�YUVWD��(TXLVHWXP�DUYHQVLV��)XPDULD�RI�

ILFLQDOLV��L�EOL]LQRP�MH]HUD��]DMHGQLFH��������RGQRVQR�^XPH��]DMHGQLFD�����

WH�VWRJD�L�GUXJDaLMLP�XVORYLPD�VWDQL^WD��2YH�]DMHGQLFH�RG�RVWDOLK�UD]GYDMDMX

PDQMD�NROLaLQD�D]RWD�X�]HPOML^WX��QLCD�WHPSHUDWXUD�VWDQL^WD��VPDQMHQD�NR�

OLaLQD�VYHWORVWL�L�SRYH`DQD�YODCQRVW�
���6DVWRMLQD����VH�UD]OLNXMH�RG�WLSLaQLK�YH`RP�YODCQR^`X�VWDQL^WD�L

VPDQMHQRP�NROLaLQRP�GRVWXSQRJ�D]RWD�X�]HPOML^WX��WH�VWRJD�SULVXVWYRP

ROLJRWURIQH�YUVWH�3WHULGLXP�DTXLOLQXP�
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���9H`H�UD]OLNH�X�VWDQL^QLP�XVORYLPD�XWYU_HQH�VX�]D�IDNWRUH�VYHWORVWL�

YODCQRVWL�L�NROLaLQH�D]RWD�X�]HPOML^WX��̂ WR�]QDaL�GD�VX�QDMYL^H�XWLFDOL�QD�VDV�

WDY�L�VWUXNWXUX�LVSLWLYDQLK�DJURILWRFHQR]D�
���ARYHNRY�XWLFDM�L�SURPHQD�X�SULURGQRP�VDVWDYX�HNRVLVWHPD�VX�YLGQL

¬�SRYH`DQ�MH�EURM�NRVPRSROLWVNLK�L�DGYHQWLYQLK�YUVWD��NRMH�VH�EU]R�SULOD�

JR_DYDMX���NDR�L�WHURILWD��ELOMDND�NRMH�EU]R�]DYU^DYDMX�VYRM�CLYRWQL�FLNOXV��

=DNOMXaFL

8�OHWQMHP�SHULRGX�������JRG��X�DJURHNRVLVWHPLPD�RNROLQH�3HWQLFH�YU�

^HQR�MH�LVWUDCLYDQMH�IORUH�L�YHJHWDFLMH�UDGL�LGHQWLILNRYDQMD�PLNURNOLPDWVNLK

NDUDNWHULVWLND�RNRSDYLQD�L�XWYU_LYDQMD�QMLKRYRJ�XWLFDMD�QD�GLIHUHQFLMDFLMX�

VDVWDY�L�VWUXNWXLUDQRVW��NRURYVNLK�]DMHGQLFD��1D�LVSLWLYDQLP�SRYU^LQDPD

SURQD_HQR�MH����YUVWD��^WR�XND]XMH�QD��QHRaHNLYDQL��YHOLNL�GLYHU]LWHW�IORUH

DJURHNRVLVWHPD��1D�RVQRYX�L]UD_HQH�ILWRFHQROR^NH�WDEHOH�L�UH]XOWDWD�RUGL�

QDFLRQLK�PHWRGD�NRMH�VX�SULPHQMHQH��]DNOMXaHQR�MH�GD�VH�YH`LQD�LVWUDCHQLK

VDVWRMLQD�NDUDNWHUL^H�VOLaQLP�IORULVWLaNLP�L�ILWRFHQROR^NLP�VDVWDYRP�SULEOL�

CQLP�DVRFLMDFLML�3DQLFR�*DOLQVRJHWXP�7[��HW�%HFNHU��
.RUL^`HQMHP�RUGLQDFLRQLK�PHWRGD�XWYU_HQL�VX�YHJHWDFLMVND�VOLaQRVW�L

VWHSHQ�GLIHUHQFLMDFLMH�ILWRFHQR]D�X�RGQRVX�QD�RGUH_HQH�IDNWRUH�VSROMD^QMH

VUHGLQH��.DR�DELRWLaNL�IDNWRUL�NRML�QDMYL^H�XWLaX�QD�VWUXNWXUX�L�VDVWDY�DJUR�

ILWRFHQR]D�SRND]DOL�VX�VH�VYHWORVW��YODCQRVW�VWDQL^WD�L�NROLaLQD�D]RWD�X�]HP�

OML^WX��8VWDQRYOMHQ�MH�SRYH`DQ�EURM�DGYHQWLYQLK�L�NRVPRSROLWVNLK�YUVWD�X

RGQRVX�QD�UH]XOWDWH�LVWUDCLYDQMD�RNROQLK�SULURGQLK�HNRVLVWHPD��?RU_HYL`�	

7L^PD��������NDR�L�CLYRWQLK�IRUPL�NRMH�VX�VH�SULODJRGLOH�DJURWHKQLaNLP

PHUDPD��1D^L�UH]XOWDWL�VX�SRND]DOL�GD�VH�X�RNRSDYLQDPD�X�QHSRVUHGQRM�EOL�

]LQL�^XPVNLK�L�OLYDGVNLK�HNRVLVWHPD�QDOD]L�PQR^WYR�DXWRKWRQLK�YUVWD��SUL�

GR^OLK�L]�WLK�HNRVLVWHPD��7R�]QDaL�GD�EL�VH�IRUPLUDQMHP�DJURHNRVLVWHPD�X

EOL]LQL�GUXJLK�HNRVLVWHPD�REH]EHGLOR�RERJD`LYDQMH�NRURYVNLK�]DMHGQLFD�DX�

WRKWRQLP�YUVWDPD��D�WLPH�L�®SULURGQLMH¯�FLUNXOLVDQMH�QXWULMHQDWD�
2NROLQD�JUDGD�9DOMHYD�MH�SUHGHR�X�NRPH�MH�SULURGQD�NOLPD�]RQDOQD

YHJHWDFLMD�^XPVND��,GHDOQR�EL�ELOR�NDGD�EL�PRJOL�GD�QD�RYD�VWDQL^WD�YUD�

WLPR�^XPH�KUDVWD��DOL�SR^WR�MH�WR�PDOR�YHURYDWQR��PRJOR�EL�VH�UD]PLVOLWL�R

SRQRYQRP�XVSRVWDYOMDQMX�^XPVNLK�VDVWRMLQD�EDU�QD�RGUH_HQRP�SURFHQWX

SRYU^LQD��=D�RNRSDYLQH�EL�ELOR�EROMH�IRUPLUDQMH�X�EOL]LQL�SULURGQLK�HNR�

VLVWHPD��^XPD��OLYDGD���VPDQMHQ�LQWHQ]LWHW�DJURWHKQLaNLK�PHUD��GHOLPLaQR

RGUCDQMH�]DMHGQLFD�NRURYD�L�VPDQMLYDQMH�XSRWUHEH�KHUELFLGD�

=DKYDOQRVW��=DKYDOMXMHPR�VH�GU�%UDQNX�.DUDGCL`X�NRML�QDP�MH�XUDGLR

VYH�SRWUHEQH�VWDWLVWLaNH�DQDOL]H�
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/LWHUDWXUD

$MGHU�6��������8WLFDM�QHNLK�KHUELFLGD�QD�ILWRFHQROR^NH�SURPHQH�NRURYVNH
]DMHGQLFH�XVHYD�NXNXUX]D��0DJLVWDUVND�WH]D��3ROMRSULYUHGQL�IDNXOWHW�X�=H�
PXQX

$MGHU�6��������8WLFDM�GXJRJRGL^QMH�SULPHQH�KHUELFLGD�QD�VLQPRUIROR^NH
SURPHQH�L�VLQWDNVRQRPVNL�VWDWXV�NRURYVNH�]DMHGQLFH�3DQLFR�*DOLQVR�
JHWXP��AHWYUWL�NRQJUHV�R�NRURYLPD�¬�]ERUQLN�UDGRYD���HG��9��-DQML`��'�
3HURYL`���%DQMD�.RYLOMDaD��+HUEROR^NR�GUX^WYR�6UELMH��VWU��������

$QWL`�-��	�-RYL`�0��������3HGRORJLMD��%HRJUDG��1DXaQD�NQMLJD

%UDXQ�%ODQTXHW�-��������3IODQ]HQVRFLRORJLH��*UXQG]XJH�GHU�9HJHWDWLRQ�
VNXQGH��%LRORJLVKH�6WXGLHQEXFKHU��������(G��%HUOLQ�

?RU_HYL`�9��	�7L^PD�,��������3ULORJ�SR]QDYDQMX�IORUH�OLYDGD�SHWQLaNRJ
NUDMD��3HWQLaNH�VYHVNH�������������

*DML`�0��������9HJHWDFLMD�6U�6UELMH��%HRJUDG��6$18�

*RYHGDULFD�0���0LOR^HYL`�1���-DUDN�0���.RQVWDQWLQRYL`�%��L�@XUaL`�6�
������8WLFDM�KHUELFLGD�QD�PLNURELROR^NX�DNWLYQRVW�X�]HPOML^WX�SRG
XVHYRP�NXNXUX]D��3HWL�NRQJUHV�R�NRURYLPD�¬�]ERUQLN�UDGRYD���HG��9�
-DQML`���%DQMD�.RYLOMDaD��+HUEROR^NR�GUX^WYR�6UELMH��VWU��������

+LOO�0��2��������5HFLSURFDO�DYHUDJLQJ��DQ�HLJHQYHFWRU�PHWKRG�RI�RUGLQD�
WLRQ��-RXU��(FRO������������

-DQML`�9���5DGLYRMHYL`�/M���6WDQNRYL`�.DOH]L`�5��������8WLFDM�KHUELFLGD
QD�PLNURELROR^NX�DNWLYQRVW�X�]HPOML^WX��$FWD�KHUERORJLFD���������������

-DQNRYL`�0��������)LWRHNRORJLMD��%HRJUDG��1DXaQD�NQMLJD

-iYRUND��6��&VDSRG\��9�������,FRQRJUDSKLD�IORUDH�SDUWLV�$XVWUR�RULHQ�
WDOLV�(XURSDH�&HQWUDOLV��%XGDSHVW��$NDGoPLDL�NLDGv

-RVLIRYL`�0���HG�������������)ORUD�65�6UELMH��,�;��%HRJUDG���6$18�

.RML`�0��	�>LQCDU�%��������.RURYL��%HRJUDG��1DXaQD�NQMLJD

.RML`�0��������0DOD�NRURYVND�IORUD��%HRJUDG��1DXaQD�NQMLJD

.RML`�0���$MGHU��6��������.RURYVND�YHJHWDFLMD�NXNXUX]D�X�SRGUXaMX
VUHGQMHJ�WRND�'ULQH��)UDJPHQWD�KHUERORJLFD�-XJRVODYLFD������������������

.RML`�0��������.RURYL��HNRVLVWHP�L�CLYRWQD�VUHGLQD��AHWYUWL�NRQJUHV�R
NRURYLPD�¬�]ERUQLN�UDGRYD��HG��9��-DQML`��'��3HURYL`���%DQMD�.RYLOMDaD�
+HUEROR^NR�GUX^WYR�6UELMH��VWU�������

.RML`�0���6WRMDQRYL`�-���2JQMDQRYL`�5���0DUNRYL`�$��������9RGQL�UHCLP
NRURYD�L�QMHJRYH�VSHFLILaQRVWL�X�RGQRVX�QD�JDMHQH�ELOMNH��$FWD�KHU�
ERORJLFD����������������

.RML`�0���3RSRYL`��5���.DUDGCL`�%��������9DVNXODUQH�ELOMNH�6UELMH�NDR�LQ�
GLNDWRUL�VWDQL^WD��%HRJUDG��,QVWLWXW�]D�LVWUDCLYDQMD�X�SROMRSULYUHGL�®6UELMD¯
L�,QVWLWXW�]D�ELROR^ND�LVWUDCLYDQMD�®6LQL^D�6WDQNRYL`¯

0L^L`�/M��	�/DNX^L`�5��������/LYDGVNH�ELOMNH��6DUDMHYR���%HRJUDG��6YMHW�
ORVW���=DYRG�]D�XGCEHQLNH�L�VUHGVWYD

6DERYOMHYL`�0��������3ULORJ�SR]QDYDQMX�IORUH�3HWQLFH�VD�RNROLQRP�
3HWQLaNH�VYHVNH�����,,��������

6WDQQHUV�'��%RXUGHDX��3��������(XURSH±V�(QYLURQPHQW��&RSHQKDJHQ�
(XURSHDQ�(QYLURQPHQW�$JHQF\

�����•��3(71,A.(�69(6.(��� '(2��,,



6WHIDQRYL`�/��������.RURYVND�YHJHWDFLMD�NXNXUX]D�VHYHURLVWRaQH�6UELMH�
$UKLY�]D�SROMRSULYUHGQH�QDXNH��������������

6WHIDQRYL`�/��������6WDQMH�L�SUREOHPL�SULPHQH�KHUELFLGD�X�NXNXUX]X�
$FWD�KHUERORJLFD����������������

6WHSL`�5��������3UHJOHG�NRURYVNH�IORUH�L�YHJHWDFLMH�VHYHUR]DSDGQH�6UELMH�
3HWL�NRQJUHV�R�NRURYLPD�¬�]ERUQLN�UDGRYD���HG��9��-DQML`���%DQMD
.RYLOMDaD��+HUEROR^NR�GUX^WYR�6UELMH��VWU���������

>DUL`�7��������$WODV�NRURYD��6DUDMHYR��6YMHWORVW�

>LOL`�A��������^XPVNH�]HOMDVWH�ELOMNH��6DUDMHYR���%HRJUDG��6YMHWORVW���=D�
YRG�]D�XGCEHQLNH�L�QDVWDYQD�VUHGVWYD

>LQCDU�%���	�6WHIDQRYL`�/��������,VSLWLYDQMH�]DNRURYOMHQRVWL�NXNXUX]D
'UDJDaHYD��)UDJPHQWD�KHUERORJLFD�-XJRVODYLFD����������������

>LQCDU�%��	�6WHIDQRYL`�/��������,VSLWLYDQMH�SRWUR^QMH�KHUELFLGD�L�VWDQMD
]DNRURYOMHQRVWL�XVHYD�NXNXUX]D�X�^LUHP�SRGUXaMX�.UDOMHYD��)UDJPHQWD
KHUERORJLFD�-XJRVODYLFD���������������������

>LQCDU�%��	�6WHIDQRYL`�/��������3URXaDYDQMH�]DNRURYOMHQRVWL�NXNXUX]D�X
-DGUX�L�5HYLQL��)UDJPHQWD�KHUERORJLFD�-XJRVODYLFD�����������������

>LQCDU�%��	�6WHIDQRYL`�/��������5H]XOWDWL�SURXaDYDQMD�NRURYVNH�]DMHG�
QLFH�XVHYD�NXNXUX]D�X�7DPQDYL��1DXaQL�VLPSR]LMXP�®1HGHOMNR�.R^DQLQ�L
ERWDQLaNH�QDXNH¯�¬�]ERUQLN�UDGRYD��VWU��������

>LQCDU�%��	�6WHIDQRYL`�/��������=DVWXSOMHQRVW�L�UDVSURVWUDQMHQRVW
YL^HJRGL^QMLK�YUVWD�NRURYD�X�XVHYX�NXNXUX]D�6UELMH��$FWD�KHUERORJLFD����
�����������

>LQCDU�%���6WHIDQRYL`�/���>LQCDU�-��������.RURYVND�IORUD�XVHYD�NXNXUX]D
6UELMH��3HWL�NRQJUHV�R�NRURYLPD�¬�]ERUQLN�UDGRYD��%DQMD�.RYLOMDaD��+HU�
EROR^NR�GUX^WYR�6UELMH��VWU���������

9ODGLPLU�-RYDQRYL`�DQG�0LOR^�'XULQ

'LIIHUHQWLDWLRQ�RI�:HHG�&RPPXQLWLHV�LQ�3HWQLFD�6XUURXQGLQJV

0DQ�KDV�EHHQ�FKDQJLQJ�QDWXUDO�HFRV\VWHPV�WR�FUHDWH�RSWLPDO�KDELWDW
IRU�FURS�SODQWV��+H�KDV�EHHQ�GHYDVWDWLQJ�DQG�UHPRYLQJ�QDWXUDO�YHJHWDWLRQ
�IRUHVWV��PHDGRZV���DQG�WUDQVIRUPLQJ�QDWXUDO�KDELWDWV�LQWR�DJURHFRV\VWHPV�
1RZDGD\V��KXPDQ�SRSXODWLRQ�KDV�UHDFKHG�D�VLJQLILFDQW�JURZWK�UDWH��ZKLFK
FDXVHG�LQWHQVLYH�LQFUHDVH�RI�IRRG�GHPDQGV��7KHUHIRUH�WKH�DUHDV�FRYHUHG�E\
DJURHFRV\VWHPV�HQODUJH�HYHU\�GD\�

)DUPHUV�KDYH�EHHQ�DSSO\LQJ�YDULRXV�DJULFXOWXUDO�SUDFWLFHV�ZLWK�DLP�WR
LQFUHDVH�FURS�SURGXFWLRQ��,Q�WKH�VDPH�SXUSRVH�WKH\�KDYH�EHHQ�GHVWUR\LQJ
ZHHG�FRPPXQLWLHV��7KHVH�SUDFWLFHV�DUH�OHDGLQJ�WR�JUHDW�FKDQJHV�LQ�VRLO
VWUXFWXUH��7KH�REMHFWLYH�RI�WKLV�UHVHDUFK�LV�WR�LQYHVWLJDWH�IORULVWLF�DQG�YHJH�
WDWLRQ�VWUXFWXUH�RI�ZHHG�FRPPXQLWLHV�DQG�HQYLURQPHQWDO�FRQGLWLRQV�LQ
DJURHFRV\VWHPV�
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:HHG�VSHFLHV�KDYH�EHHQ�FROOHFWHG�LQ�DJURHFRV\VWHPV�QHDUE\�3HWQLFD
YLOODJH�QHDU�9DOMHYR��)LJXUH�����$EXQGDQFH�RI�VSHFLHV�LQ�FRPPXQLWLHV�KDV
EHHQ�JLYHQ�LQ�WKH�7DEOH����DFFRUGLQJ�WR�%UDXQ�%ODQTXHW�VFDOH��������DQG
KDV�EHHQ�PRGLILHG�DFFRUGLQJ�WR�:HVWKRII�	�YDQ�GHU�0DDUHO�VFDOH��������
*UDSKLFDO�HTXLYDOHQW�RI�SK\WRFRHQRORJLFDO�WDEOH�ZDV�FUHDWHG�E\�XVLQJ
+LOO±V�&RUUHVSRQGHQW�$QDO\VLV��&$��DQG�UHSUHVHQWHG�LQ�)LJXUH����$YHUDJH
YDOXHV�RI�KDELWDW�HFRORJLFDO�LQGH[HV�KDYH�EHHQ�FDOFXODWHG�DQG�FRUUHODWHG
ZLWK�WKH�SRVLWLRQ�RI�SRLQWV��FRPPXQLWLHV��RQ�VHFRQG�&$�D[LV��8VLQJ�WKLV
PHWKRG��LQIOXHQFH�RI�HQYLURQPHQWDO�IDFWRUV�RYHU�IORULVWLF�GLIIHUHQWLDWLRQ�KDV
EHHQ�HVWLPDWHG��6SHFWUD�RI�OLIH�IRUPV��)LJXUH����DQG�EDFLF�IORUDO�HOHPHQWV
�)LJXUH����ZHUH�DOVR�DQDO\VHG��

&RPSDUDWLRQ�RI�UHVXOWV�OHG�XV�WR�WKHVH�FRQFOXVLRQV�
���7KH�PDMRULW\�RI�ZHHG�FRPPXQLWLHV�LV�FKDUDFWHULVHG�E\�SUHVHQFH�RI

XVXDO�ZHHG�VSHFLHV��3DQLFXP�FUXV�JDOOL��6HWDULD�JODXFD��$PDUDQWKXV
UHWURIOH[XV��*DOLQVRJD�SDUYLIORUD���FKDUDFWHULVWLF�IRU�WKH�DVVRFLDWLRQ�3DQLFR�
*DOLQVRJHWXP�7[��HW�%HFNHU�

���7KH�FRPPXQLWLHV�QHDUE\�IRUHVWV��PHDGRZV��RU�ODNH�GLIIHU�IURP�WKH
W\SLFDO�RQHV��7KH�GLIIHUHQFH� LV� LQ�SUHVHQFH�RI�VRPH�XQXVXDO� �EXW
DXWRFKWKRQRXV��ZHHG�VSHFLHV�¬�(TXLVHWXP�DUYHQVH��)XPDULD�RIILFLQDOLV�
VRPH�IRUHVW�DQG�PHDGRZ�SODQWV��7KHVH�SODQWV��EHFDXVH�RI�WKHLU�DGDSWDWLRQ
WR�DOO�RI�HQYLURQPHQWDO�IDFWRUV��FRXOG�EH�®XVHG¯�DV�QDWXUDO�IHUWLOL]HUV�LQ�WU\
WR�UHFRYHU�VRLO�VWUXFWXUH��7KLV�LV�ZK\�ZH�VXJJHVW�IRUPLQJ�RI�DJURHFRV\V�
WHPV�QHDUE\�QDWXUDO�HFRV\VWHPV�

���7KH�HQYLURQPHQWDO�IDFWRUV�ZLWK�WKH�JUHDWHVW�LQIOXHQFH�RYHU�IORULVWLF
VWUXFWXUH�RI�ZHHG�FRPPXQLWLHV�DUH�OLJKW��PRLVWXUH�DQG�QLWURJHQ�FRQFHQWUD�
WLRQ�LQ�WKH�VRLO�

���7KH�KXPDQ�HIIHFW�RQ�DJURHFRV\VWHPV�UHVXOWHG�LQ�VSHFLILF�ZHHG
IORUD�VWUXFWXUH�¬�JUHDW�DPRXQW�RI�FRVPRSROLWH�DQG�DGYHQWLYH�SODQWV��ZKLFK
DUH�YHU\�DGDSWDEOH���DV�ZHOO�DV�WKHURSK\WHV��ZKLFK�VKRUWO\�ILQLVK�WKHLU�OLIH
F\FOH���ZDV�GHWHFWHG�
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